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Abstract-The l/f noise in MOS transistors has been investigated and is shown to correlate with charge 
transfer inefficiency experiments on surface-channel CCDs. Both independent phenomena can be quanti- 
tatively explained by the same interface state model. The oxide trap density turns out to vary by more 
than a factor 10. The l/f noise is compared with McWhorter’s number fluctuation model and with the 
mobility fluctuation model. The oxide trap density is calculated from the charge transfer ineffkiency in 
surface CCDs. Both the quantitative agreement between oxide trap density and l/f noise and the 
observed dependence of l/f noise on gate voltage here give strong arguments in favour of the McWhorter 
model. The investigated MOS transistors fall into a category that cannot be explained by the present 
mobility fluctuation model. 
1. INTRODUCIION 
A generally accepted theory for the l/f noise in 
MOS transistors is still lacking. However, there are 
several models in circulation. One of these ascribes 
the l/f noise in the conductance to carrier density 
fluctuations AN. These fluctuations are caused by 
tunnelling of free-charge carriers into oxide traps 
close to the Si-SiO, interface[l]. This McWhorter 
model has many supporters. Arguments in favour of 
the McWhorter model are the observed proportional- 
ity between interface trap density and l/f 
noise[2-61. Another model considers the l/f noise 
as a bulk effect caused by mobility fluctuations due 
to lattice scattering[7]. There is a category of low- 
noise MOSTs the noise of which cannot be explained 
by mobility fluctuations[8]. 
This controversy of AN versus Ap in MOSTs still 
exists because[8,9], on the one hand, under certain 
bias conditions, noisy devices usually agree with 
both models, and on the other the proportionality 
between interface state densities (ranging from 10”’ 
to 1013 cm-’ eV_‘) and l/f noise for 11 different 
MOSTs was not observed. In the non-ohmic region 
of MOSTs the l/f noise in the conduction is always 
a mixture of AWL and AN. If mobility fluctuations are 
taken to be the noise source, then the number 
fluctuation contribution is due to fluctuation of the 
effective gate voltage induced by mobility fluctua- 
tions[lO]. Believing in an oxide-trap model, the mo- 
bility fluctuation contribution can be included as 
stemming from A N-induced gate-voltage fluctua- 
tions which modulate the mobility [ll] by means of a 
mobility reduction factor. In order to avold this 
ambiguity, our noise results were mainly obtained in 
the ohmic region of the MOST characteristics. 
Independent noise sources AN and Ap have been 
assumed by Katto et al. [12] and by Mikoshiba[l3], 
and a unification of the AN and the Ap model could 
account for all Mikoshiba’s data[l3]. Recently, it has 
been shown[14] that charge trapping according to 
the McWhorter model accounts for the small-signal 
charge transfer inefficiency (SCTI) in CCDs. The 
oxide trap density may be found from SCTI mea- 
surements[14], and this quantity, more than the in- 
terface state density, plays a natural part in the AN 
model. Correspondingly, the comparison of the SCTI 
experiments in CCDs and the l/f noise in on-chip 
MOSTs makes it possible to investigate the AN 
model quantitatively. 
In this paper the emphasis lies on the MOST l/f 
noise. New experimental results on l/f noise in 
n-channel MOSTs are presented. In the range of 
effective gate voltages between 0.1 V and 5 V l/f 
noise has been measured. The results will be com- 
pared with existing AN and Ap models. 
2. l/f NOISE MODELS 
Let us consider the two possibilities Sp or SN for 
explaining the fluctuations in the conductivity: 
so= q/.LLSn, (1) 
6a=qn$. (2) 
The assumption of mobility fluctuations was intro- 
duced by Hooge[lS]. He suggested that the spectral 
density of the relative mobility fluctuation of a free- 
charge carrier is given by 
s a! _li=_ 
P2 f 
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Conductance G is proportional to Ntr = & with p 
the average mobility over N carriers and p, the 
mobility of each carrier. When each carrier contrib- 
utes to the conductance and to the noise indepen- 
dently of the others, one finds (AC’) a N( ApLf ) and 
s,, a 
G’ Nf’ 
which holds for homogeneous samples with N free 
carriers[l5]. The parameter a was believed to be a 
constant of 2 X lo- ’ for metals and semiconductors. 
Later it was found that the parameter OL decreases 
systematically when the mobility is reduced by 
scattering mechanisms other than lattice scat- 
tering[l6]. From experimentally obtained results on 
Ge, GaAs, Si, and Bi it was concluded that impurity 
surface and optical phonon scattering reduce p, in 
comparison with the value p, which is the mobility 
associated with lattice scattering only. Thereby the a 
value is reduced as follows[l6,17]: 
with a, the noise parameter when only lattice scatter- 
ing is present. 
Even (Y, does not seem to be constant. Recent 
investigations on silicon-implanted layers have shown 
that the noise parameter a, can be of the order of 
lo-” for well-annealed samples and of the order of 
10m4 in poorly annealed samples[lg]. 
In 1939 Surdin” explained the l/f noise in terms 
of number fluctuations AN by considering a super- 
position of generation-recombination spectra with 
the appropriate distribution in time constants T. 
Consider an n-type semiconductor with N free- 
charge carriers and a number of fully ionized donors 
N,. The traps N, are occupied by a number of 11, 
electrons. Charge neutrally requires N + n , = N,, 
hence d N = ~ dn t. When N -=z N, the number of 
states in the conduction band and N z+ n, then the 
generation recombination noise for this two-level 
system becomes 
&..,(f) =AN” 4T 
1 + (27$# 
7 
Under the above conditions we have AN- = n, for 
Nt > n , r ’ = SV~,, Dt N/n, with s the capture cross- 
section of the oxide trap, ur,, termal velocity of the 
charge carrier, and D, the trap density equal to N,/Q 
with L? the sample volume[19-221. Depending on 
whether the traps are situated through the volume of 
the sample or localized at the surface, the genera- 
tion-recombination noise is a volume or a surface 
effect. 
Taking a number of traps with the normalized 
distribution function in r between r, and T?, 
g(7) = ’ 
7 ln T2/T1 
Surdin” was first to calculate a l/f spectrum in the 
range of 1/2mr, </< l/2777, for independent trap- 
ping processes: 
2 7 
.s,(/)=I”g(T)AN 4:dr= ln(A,;J],)/. (8) 
rI 1+(2nfT)- 
AN’ is the variance in N due to all the trapping 
processes together. Outside the l/f region there is a 
white and l/f’ branch that hardly contribute to the 
total integral from f= 0 to f= co if TV > TV. 
In 1955 McWhorter[l] gave a physical interpre- 
tation of the distribution function g(7) in eqn (7). 
He assumed a homogeneous distribution of traps in 
the oxide on top of the semiconductor surface and 
the probability of penetration into the oxide layer to 
be governed by a tunnelling process. Correspond- 
ingly, the probability of penetration is proportional 
to exp ( - .x/x0 ) and T(X) becomes 
T(X) = T,]e”‘“, (9) 
where x,) is a characteristic decay length of the wave 
function and is of the order of 1 A. The normalized 
r-distribution function for traps distributed uni- 
formerly between the Si-SiOl interface and a dis- 
tance x2 from that interface becomes 
_ dN,dx x0 
N,dxdr = G 
forO<x<x, 
St T> = 0 for x > .x2 
(10) 
In general, x2 = 30 k is chosen for the l/f noise, 
which leads to xz/xo = 30. Then ln(r2/r,) = 30 re- 
sults in a range of T values over 13 decades, When 
the oxide trap density Do [cmm3 eV ‘1 is only a 
weak function of the energy around the Fermi level, 
we find 
AN’=x,,D,,kTWl (11) 
with WI the Si-SiO, interface area of the channel. 
The energy kT must be expressed in eV units. The 
relative noise in the resistance is equal to that in the 
conductance S&R’ = S,,/G’. For an AN source 
the relative fluctuations in the conductance become 
S,;/G’ = S,/N’ = x,: D,,kTWl/x2 N’f. (12) 
From inspection of this expression and eqn (4) it 
follows that in the AN model, a is equal to 
OL = x; D,,kTWl/x, N. (13) 
For an inversion layer at room temperature, with a 
gate oxide capacitance per unit area of 3.4 x 10 ’ 
F/cm’ and an effective gate voltage of 1 V, for 
.x,,D,, = 10”’ cm -’ eV ’ and x0/x7 = l/30. (Y be- 
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comes 4 X 10P5, which is a value often observed in 
high-quality bulk silicon. This means that only con- 
sidering the a value is not enough to discriminate 
between the AN and the Ap model. To decide 
between the two models, it is important to determine 
whether a is proportional to l/N (AN model) or 
independent of N (Ap model). The AF model based 
on Hooge’s empirical relation results in a relative 
noise inversely proportional to N which indicates a 
bulk effect. The AN model based on McWhorter’s 
oxide-trap model results in a l/N’ proportionality 
by considering the l/f noise as a surface effect. In 
Surdin’s AN model the l/f noise was still consid- 
ered to be a bulk effect because the traps were not 
located at the surface but in the bulk. The 
bull-surface controversy as originating from l/f 
noise is seen from eqns (4) and (12) or eqn (5) and 
(13). 
3. NOISE RELATIONS FOR MOSTs 
Let us assume an n-channel MOST; length and 
width are denoted by I and W. The free-electron 
concentration being a function of the distance y 
from the source, is given by n(y). The mobility is 
assumed to be the same in the whole channel. The 
current in the channel is then 
(14) 
The diffusion term can be neglected in uniform chan- 
nels when the effective gate voltage V$ = Vo - VT 
satisfies the condition 
v* > kr ( (Y/al - v) 0 9 i 1 - 2( y/l)( v - “Z/2) ’ (15) 
where v = V/V<T, the ratio of the drain-source volt- 
age to the effective gate voltage. At room tempera- 
ture the diffusion term is negligible, in the ohmic 
region (v --f 0) for VcF > 25 mV. In the saturation 
region the diffusion term increases at the drain side 
of the channel (y = I). Ignoring the diffusion term, 
the Nyquist noise and the l/f noise in the current 
are found to be 
(16) 
The first term in (16) represents the thermal noise in 
the current [21], the second represents the l/f 
noise[lO]. Following the AN interpretation, a in 
(16) must simply be replaced by the expression of 
(13). If the Ap interpretation is followed, a can be 
replaced by (p/p, )*a, given by eqn (5). In a more 
elaborated model for Ap fluctuations[lO], the inver- 
sion layer was considered to be three dimensional. 
The decrease in mobility and a with increasing Vz 
was mainly attributed to an increasing surface 
scattering with increasing V,*. For Vtf, at which’the 
mobility reduction becomes significant, a in (16) can 
be replaced by a,pLl,/pLerr as given in [7] and [lo]. In 
Ref. [23] the mobility reduction and the reduction in 
a was considered as a pure hot-electron effect lead- 
ing to similar results as the three-dimensional treat- 
ment. 
At saturation (v = 1) the noise becomes 
S,,(f)= $I; + SL. 
(17) 
0 
The saturation current is given by Is = ~Cv,**/21*, 
where C is the gate oxide capacitance and N = 
C&f/q is the total number of free carriers in the 
channel at v --) 0. At saturation, the total number of 
free-charge carriers is two-thirds of the value at 
v -+ 0 and the relative current noise S,,/I: is twice 
the value at v 4 O[lO]. 
The voltage noise S, between source and drain 
under constant current is given by S,r*, with r the 
dynamic resistance at the operation point; r is given 
by R,/(l - v) and Sv becomes 
S, = 4kTR, 
(1 - v + v*/3) 
(1.- v/2)(1 - v)’ 
+ a9pIVR; 
fP(1 -v)’ 
(18) 
From the experimentally observed frequency f, at 
which the l/f noise and thermal noise contributions 
are equal we calculate a values as a function of bias 
conditions for v < 0.1: 
4kTI*f, 
a- 
9pv’ 
(19) 
The equivalent input noise voltage Svcg of a MOST 
is found by Sveg = S/g:, with g, the transconduc- 
tance. This results in the following expression: 
&,(f) = 4kTR, ’ - ’ + v2’3 + 
aqV,f(l - v/2) 
v2(1 -v/2) fC 
(20) 
At saturation and a independent of I$:, SVcq(f) is 
of the form A/V,: + BV,f. 
From the point of view of signal-to-noise ratios 
S $ is the significant quantity. The gate voltage at 
which the thermal and l/f noise contributions are 
equal for a frequency f, at saturation is given by 
(21) 
When V/V2 > 1, v = 1 in eqns (15), (16), (18), and 
(20). 
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4. CALCULATED DEPENDENCE OF THE NOISE 
PARAMETER cx ON V, 
For the AN model (Y is inversely proportional to 
l$T as can be seen from (13): 
G. M. PENNING DE VRIIS 
(22) 
where C,, is the gate oxide capacitance per unit area 
and kT is expressed in electron volts. OL vs l$T is 
presented in Fig. 1 for a MOST at 300 K with 
xz/xo = 30, xoDo = 10” (cm-* eV’) and an oxide 
capacitance per unit area of 3.4 x lo-’ F cm-’ 
(SiO, thickness of 1000 A). The curve indicated by 
AN represents eqn (22), with the above-mentioned 
values for the parameters. At low vcf, A N2 in (6), 
(S), and (11) must be replaced by N because the 
number of trapped electrons around the Fermi level 
becomes larger than the number of free electrons in 
the inversion layer. Under this condition a levels off 
at lower V,*. In the Ap model OL is independent of 
V$ if the mobility does not change with increasing 
4:. Owing to scattering mechanisms other than 
lattice scattering[l6,17], a is given by (5). Mobility 
reduction at increasing l$T is due to increasing 
surface scattering and hot-electron effects. At low 
drain-source voltage the mobility in our samples is 
well described by 
Fig. 1. The calculated l/f noise parameter a vs the effec- 
tive gate voltage Vg. Curve 1: Number fluctuations, using 
eqn (22) with x0&, = 10” [cmm2 eV’]. C,, = 3.4 x lo-* 
[F/cm2 I. x2/x0 = 30, T= 300 K. Curue 2: Mobility 
fluctuations with 0 = 0 [V- ‘1, pe/k, = :, a, = lo- ‘. Curr~e 
3: Ap based on increasing surface scattering with k’$, 
Equations (23) and (24) are used. Curve 4: Ap based on 
hot-electron effects from Ref. [23]. Curves 3 and 4 have 
been constructed for 6’ = l/20 [V ‘1, pa/p, = :. 
where 0 is the mobility reduction factor, and EL,, the 
effective mobility at low V and vtT far below the 
mobility reduction regime. In Fig. 1. OL vs VtT in the 
Ap model is presented for 0 = 0 (V ‘), ~,)/~, = ‘, 
and a, = 10 ’ (curve 2). Taking into account the 
thickness of the inversion layer, the concentration 
and mobility profile, as well as the decrease in the 
inversion-layer thickness with increasing VtT, a vs 
47 was predicted for an experimentally observed p(, 
and 0 [7]. The results are presented by curve 3 for 
0 = l/20 v 1, pJl_~, = i and (Y, = 10 I. From the 
surface scattering model it was found that the eflec- 
tive mobility was of the form p = p,/(l + rl/r), where 
u is a characteristic length, related to the mean free 
path of electrons, the oxide charge and the diffuse 
scattering at the interface [7]. The total inversion-layer 
thickness in this model is 4t. with t the average 
distance of the carriers from the interface, being of 
the order of 100 k[7,8]. From the model[7, X] c-,/t is 
calculated as v/f = (p,/p,) - 1) + ~~0 4:/p,, , and (Y 
is given in terms of e/r as 
a- 
1 + P/f 
--a,_ (24) 
(1 + e/2t)(l + />/3l)(l + o/41) 
Only for p ( 0.1~~~ a a p2 a L(T '. 
The mode1[23] taking into account hot-electron 
effects as the only source of mobility reduction re- 
sults in OL = a,(1 + ev,l) I. The result is presented 
by curve 4 in Fig. 1. From Fig. 1 we see that Ap 
models result in an almost constant OL value for 
19 G l/20 V’ and 0.1 V < KT i 3 V, the AN model 
resulting in 1y a VtT ‘. 
5. EXPERIMENTAL RESUL.TS 
The MOST and CCD were fr-channel devices on 
(100) Si with a substrate doping of ,\(;, = X X 10” 
cm ‘. The gate oxide thickness was 1000 A, and 
polysilicon gates were used. Parameters concerning 
the geometry of the CCD are tabulated in Ref. [14]. 
The channel length of the MOSTs was 10 pm and 
the width 100 pm. 
The bias charge in CCD was varied over a range 
corresponding from 10”’ to 5 X 10” cm ’ (VT < 2.4 
V). and a small modulation of less than 5 x 10” 
cm ’ was used to determine the small-signal charge 
transfer inefficiency (SCTI). Using the McWhorter 
model, excellent agreement between theory and SCTI 
experiments was obtained[14]. From the experimen- 
tally observed SCTI value soO,, (cm ’ eV ’ ) was 
calculated. The result for sample A was 1.6 x 10” 
cm -’ eV ‘, for B 4.X x 10” cm ’ eV ‘. and for C 
2.2 X 10”’ cm~ ’ eV i. By changing the bias charge 
for 0.05 V < V$ < 2.4 V no appreciable change in 
x0 Q, was observed. This uniform oxide trap density 
was observed in the energy range of 0.3 eV to 0.2 eV 
below the bottom of the conduction band. In the 
same range of gate voltages the l/f noise in the 
MOSTs has been measured in order to compare the 
results with the noise predicted by the models. 
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From earlier interpretations of l/f noise in MOSTs 
in terms of the Ap model it is known that there is a 
category of MOSTs that cannot be interpreted in this 
way[8]. Whether or not a given MOST belongs to 
this category can be seen from the conductance, G, 
as a function of the gate voltage v<:, observed at 77 
K and 300 K. When G vs V$ at 77 K shows a 
maximum or a mobility degradation factor B,, larger 
than the value at room temperature, &,, then a 
low-noise device can be expected with an a value 
that depends on Vz as predicted by the AN model. 
Figure 2 represents the observed G vs Vz at 300 
K and 77 K. At 77 K a weak maximum is seen at 
Vz = 20 V which indicates a MOST of a category 
the noise of which can be interpreted in terms of the 
AN model [8]. The results of MOST B is presented in 
Fig. 2. In Fig. 3 the R vs l/V2 plot at the two 
temperatures shows how CL,, and 8 can be obtained 
from the experimental results. From the R vs l/V,* 
plot p0 is calculated as 
PO = 
d(VV,*) 1 
dR WC,, ’ 
8 is given by 
(j = R WV,*) 
0 dR ’ 
(25) 
where R, is the extrapolated R value in the R vs 
l/ VcT plot for VtT + 00. The results presented in 
Fig. 3 are from MOST A. In the voltage range 
applied eqn (23) well describes the mobility degrada- 
tion. The 077/~300 > 1 again indicates a AN noise 
17 
Fig. 2. The measured conductance G vs the gate voltage VG 
at 300 K and 77 K of MOST B. The maximum in G vs VG 
at 77 K is indicative of a noise behaviour that cannot be 
explained by the Ap model [8]. 
t R(Kf2) 
0.1 0.5 1 i 
Fig. 3. The measured channel resistance R vs l/ V$ at 300 
K and 77 K for MOST A. The straight lines show that (23) 
holds. 
MOST. The observed po, 0, and x0 Do values for the 
MOSTs are presented in Table 1. 
Figure 4 represents the spectral noise density in 
the source-drain voltage as a function of frequency. 
A constant drain source current was used and the 
MOSTs were biased in the ohmic region ( V -=z Q:, v 
+ 0). No generation recombination noise was ob- 
served. 
Figure 5 represents the normalized noise fS,/V2 
as a function of the gate voltage and R vs Vz. The 
main feature of these experimental results is the 
proportionality f&/V2 a Vc*-*; furthermore, we 
found the following trend: the lower the xoDo the 
lower the relative noise. Both trends are in agreement 
with the McWhorter model presented by eqn (12) or 
eqns (13) and (18). From SCTI measurements x0 Do 
is observed in the range of 3x, to 6x, from the SiO, 
interface[l4]. The value xoDo is found to be con- 
stant in the applied range of V$. 
For all MOSTs holds R a l/V, for 0.1 V < VG -c 
1 V, which indicates a negligible mobility reduction. 
The MOSTs B and C almost coincide in the R vs &T 
plot of Fig. 5. This is due to the small difference in 
cl0 as can be seen from Table 1. 
Figure 6 represents a vs V$. The values were 
obtained from experimental results with the help of 
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Table I 
k) (cm’/Vs) @(V ‘) 
MOST 300 K 77 K 300K 77 K _Y,, D,, (cm ’ eV ’ ) a 31 V<f = 1 v 
A 950 4700 0.054 0.11 1.6 x 10’ 1.8 x 10 h 
B 740 2700 0.06 0 065 4.x x 10’) 1.5 x 10 i 
c 720 2400 0.043 0.044 2.2 x 10”’ 4.2 x 10 c 
The xoD, values were obtained from SCTI measurements[l4]. 
eqn (19). The observed proportionality a a VtT ’ 
cannot be explained by the refinements of the Ap 
model of Fig. 1, curves 3 and 4. The observed 
mobility reduction factors at room temperature for 
all MOSTs are about l/20 V ’ as can be seen from 
Table 1. The experimentally found (Y values agree 
well with the AN model predictions given by (13). 
The leveling off in the a vs l$f plot for MOST C 
occurs at N/WI = 2.1 X 10’” cm I. That concentra- 
tion is a factor 40 larger than the effective trap 
density xg D,,kT. For even smaller values of 5: eqn 
(11) for A?? does not hold. 
The details of the model describing the hot-elec- 
tron effect on mobility and l/f noise are irrelevant 
for the parameter y =f( S,/ V’) R’ I@ as was dem- 
onstrated in Ref. [23]. Therefore y was calculated 
from the experimentally observed spectra. The re- 
sults are to be seen in Fig. 7. In the Ap model y 
must be independent of Vtl, The experimental re- 
sults indicate that the Ap model, even with the 
details of the hot-electron effect, cannot explain the 
results. 
Figure 8 represents the equivalent input noise as a 
function of the experimentally found oxide trap den- 
sity xg D,,. The dotted line represents the predicted 
Fig. 4. The experimentally observed spectral noise density 
S, between drain and source versus frequency for MOST C 
with vtf = 2.6 V, channel resistance R = 1.65 k0 for I = 
O(0) and I = 78.8 PA (0). The intersection between the 
dotted lines representing the thermal and l/f noise is 
indicated by f, at 1.5 kHz. 
noise following (20) and (22) for the AN model with 
v + 0. The dots have been obtained at a fixed vtT = 1 
V. There is a quantitative agreement between the AN 
model and the experimental results. 
Considering only l/f noise we find from eqns (20) 
and (22) or (13) the following expression for the 
equivalent input noise voltage: 
(27) 
The correspondence between the expression for fS, 
used in this work, eqn (27). and the equivalent inpuT 
noise derived by Van der Ziel[ll] is seen from the 
following. Van der Ziel showed that at v -+ 0 
I I I I I 
. 
. 
Fig. 5. The normalized l/f noises /S,./C” vs 1;: and R 
VI VtT for the MOSTs A. B.C The experimental R vs C;: 
results are indicated by Cl. v and W for MOST& A, B.C 
respectively. The arrows point to the right-hand R scale. 
Similarly, the /S,/V’ vs 4: results are presented by 
O.&O. 
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I I I’ 
0.1 1 10 
Fig. 6. Experimentally observed (I vs Vz. MOSTs A,B,C 
are denoted by 0, A, and 0; OL a VtF-’ indicates a AN 
model when xoDO is independent of the Fermi level. From 
SCTI measurements this was found in a range correspond- 
ing to V<;* < 2.4 V. 
holds, with N,‘, expressed in cmm2. The ratio n 
between N,‘, and the surface state density N,, [cm-2 
eV_‘] was estimated to be 10-4-10-3 eV[11,24]. 
Using the ratio to describe fS,, in eqn (28) in terms 
of N,, , and equating the exprei:on with (27) leads to 
xo Do = ( x,/x,> sN,,/kT. (29 
m-3 
_L 
10 
IO-: , 
-7 
16 
From our charge-pumping experiments N,, was 
found to be 2 x 10” eV_’ cm-* for MOST B. This 
leads to n = 2 x 10m4 eV if x2/x0 = 30 is used. This 
n value is well within the expected range. 
6. CONCLUSIONS 
The experimentally observed proportionality 
fS,/V’ a l$F 2 in the range 19v,* < 1 cannot be 
explained by the Ap model. The experimentally de- 
termined (Y a Vg ml indicates a AN noise source, 
eqn (13) because in the applied range of VG, x0 Do 
was observed to be constant. 
In the Ap model with hot-electron effects y = 
(f.S,/V*) R2 Vg’ is independent of Vg. The experi- 
mentally observed dependence y a V,* _ ’ is in dis- 
agreement with the Ap model with hot-electron effect. 
From the agreement between the oxide trap den- 
sity xoDo [cmm2 eV’] obtained from independent 
measurements of macroscopic parameters like the 
small-signal charge transfer inefficiency (SCTI) and 
the l/f noise we have strong arguments for the 
physical significance of the McWhorter model. 
All the results were obtained from a category of 
MOSTs showing either (i) a weak maximum in the G 
vs vtT plot at 77 K or (ii) a mobility reduction at 77 
K, 07, > 0300 9 the mobility reduction at room temper- 
ature. In Ref. [8] these were the so-called category 
IIb MOSTs. It seems that for this category of MOSTs 
the bulk l/f noise based on Ap is lower than the 
I/f noise component stemming from AN. 
It remains unsolved why AN noise can be expected 
for MOSTs showing a weak maximum in G vs 6; at 
77 K or with B,, > B,,. 
1 
Fig. 7. The experimentally observed parameter y = 
(fSv/ V’ ) R* &r The theoretical lines for the A/J model 
with hot-electron effects are drawn as dotted lines for 
MOSTs A and C with ye, = alq14/&~X and at = 10m5. 
The calculated Y,,, is independent of Vtf and independent 
of the details describing the mobility reduction[23]. There is 
no agreement between experiments (denoted by the same 
symbols as in Figs, 5 and 6) and the A, model. 
lo“ 
-1 
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Fig. 8. The observed equivalent input noise voltage at 1 Hz 
and t+T = 1 V as a function of .xoD,, [cm-2 eV’]. The 
dotted line was calculated according to the McWhorter 
model using eqn (27) for Y + 0 and .x0/x2 = f 
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